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Objectives. Recurrent mucosal disease and anatomic obstruction are commonly cited causes of failed endoscopic sinus sur- 
gery (ESS). Hyaluronic acid (HA) has been reported to reduce scarring and to promote wound healing in sinonasal 
surgery. HyFence is HA stabilized by 1, 4-butandiol diglycidyl ether, which makes it less-water-soluble and highly vis- 
coelastic.The purpose of this study is to examine the anti-adhesion effect of HyFence after ESS compared to that of 
HA-CMC (Guardix-Sol). 

Methods. Seventy-four patients with chronic rhinosinusitis who underwent ESS were included in the study. After the ESS 
procedure, Merocel was placed in the ethmoidectomized areas of the both sides. Five milliliters of Guardix-Sol was 
then applied to the Merocel of one side and HyFence LV was apphed to the other side. The effect of the agents was 
evaluated at one, two, and four weeks after surgery by endoscopic examination. The severity of adhesion, edema, in- 
fection and comphcations were evaluated. 

Results. There was no significant difference in the incidence of postoperative adhesion between the HyFence group and the 
Guardix-Sol group (P>0.05). Mean postoperative grades of edema and infection showed no significant difference be- 
tween groups (P>0. 05). There was no significant postoperative complications associated with either anti-adhesion 
agent (P> 0.05). 

Conclusion. HyFence has equivalent anti-adhesion effect compared to Guardix-Sol following ESS. 
Ke3Tvords. Endoscopic sinus surgery, Adhesion, Anti-adhesion agent, Hyaluronic acid. Complication 



INTRODUCTION 

Despite the established efficacy of endoscopic sinus sui^ery (ESS) 
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for the treatment of chronic rhinosinusitis, recurrent symptoms 
that lead to revision sui^ery develop in 8% -38% of patients [1]. 
Recurrent mucosal disease and anatomic obstruction are com- 
monly cited causes of failed ESS. In revision ESS, 56% of pa- 
tients have adhesions, 27% have maxillary sinus ostium steno- 
sis, and 25% have frontal sinus ostium stenosis [2]. In a review 
of 182 patients who underwent ESS, scarring of the maxillary 
antrostomy and ethmoid region was the only endoscopic finding 
that corresponded to poor symptom outcome [3]. Some authors 
advocate the use of mitomycin C intraoperatively to reduce fi- 
brosis formation [4]. However, granulation tissue has been re- 
ported to form around the ostia following mitomycin C applica- 
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tion [5]. 

Hyaluronic acid (HA) is a water-soluble ubiquitous polysac- 
charide component of the extracellular matrix. HA has been re- 
ported to reduce scarring and to promote wound healing in si- 
nonasal surgery [6]. HA is used as an anti-adhesion agent in a 
mixed form with less absorbable material like sodium carboxy- 
methylcellulose (CMC). Because the human body lacks enzymes 
to degrade CMC, HA and CMC mixture (HA-CMC) is not im- 
mediately absorbed and thought to remain on the surface of tis- 
sue during mucosal healing [7]. Previous studies have demon- 
strated the anti-adhesion efficacy and safety of HA-CMC after 
ESS [8]. HyFence is a gel type medical device that contains 2% 
HA stabilized by 1,4-butandiol diglycidyl ether. It is less water- 
soluble and highly viscoelastic sticky HA gel material, which re- 
mains in human body enough to block adhesion. 

The purpose of this study is to examine the anti-adhesion ef- 
fect of stabilized HA (HyFence) after ESS compared to that of 
HA-CMC (Guardbc-Sol). 

MATERIALS AND METHODS 

Subjects 

A randomized, multi-center, single-blinded, active-controlled, 
matched-pairs design study was performed at three University 
Hospitals in South Korea. Patients with chronic rhinosinusitis 
who were candidates for sui^ery from December 2010 to June 
2012 were eligible for this study. Inclusion criteria included age 
greater than 19 years and less than 70 years and a diagnosis of 
bilateral chronic rhinosinusitis with the bilateral difference of 
Lund-Mackay computed tomography (CT) score less than 3. Ex- 
clusion criteria included unilateral chronic rhinosinusitis, a his- 
tory of previous sinus surgery, massive polyposis, allergies, asth- 
ma, aspirin intolerance, and the presence of systemic diseases. 
The study protocol was approved by the Institutional Review 
Board (Korea University Guro Hospital, MD0814; Youido St. 
Mary's Hospital, The Catholic University Korea, SC09DD- 
MT0057; Bundang CHA Hospital, BD2011-001M). Informed 
consent was obtained on all subjects prior to enrollment. 

Study medical agents 

HA-CMC (Guardix-Sol) was obtained from Biorane (Seoul, Ko- 
rea) and HyFence LV was obtained from CHA Bio & Diostech 
(Seoul, Korea) (Fig. 1). Both materials are applied with Merocel 
(Medtronic-Xomed, Jacksonville, FL, USA) after ESS. Complex 
viscosities of HyFence LV and Guardix-Sol used in this study 
were 320,264 centi-poise (cP) and 3,533cP, respectively. 

Protocol 

In all patients groups, endoscopic sinus surgery was performed 
under general anesthesia by a single surgeon at each hospital. 
After mucosal infiltration of 2% lidocaine with epinephrine, un- 




Fig. 1. HyFence LV contained in a syringe. 



cinectomy and middle meatal antrostomy were performed with- 
out partial resection of middle turbinate. Standard endoscopic 
anterior and posterior ethmoidectomy was performed with for- 
ceps and debrider.The frontal recess was opened widely and the 
sphenoid sinus opening was widened inferomedially. After the 
ESS procedure, Merocel was placed in the ethmoidectomized 
areas of the both sides. Five milliliters of Guardix-Sol was then 
applied to the Merocel of one side and HyFence LV was applied 
to the other side. The site of application of the agents was chosen 
by random number assignments. After application, the Merocel 
was kept for 48 hours in an inflated condition. After removal of 
Merocel, 5 mL of each agent was applied again to the operative 
site and the patients were discharged home on the third day af- 
ter surgery. During the four weeks following discharge, a second 
generation cephalosporin antibiotic was prescribed. On the first 
visit to the outpatient clinic, one week following surgery, the na- 
sal cavity was examined using a nasal endoscope. Any encrusted 
tissue and blood clots in the nasal cavity and the ethmoid sinus 
were removed followed by the prescription for normal saline ir- 
rigation at least two to three times per day. The effectiveness of 
each agent was evaluated one, two, and four weeks after suigery 
by endoscopic examination. 

Primary efficacy endpoint 

At the four week follow-up visit, a blinded surgeon evaluated 
the presence of adhesions. The primary efficacy endpoint was 
defined as a difference between effectiveness of HyFence LV 
(Pt=Pll+P10) and that of Guardk-Sol (Pc=Pll+P01). 

Pll: The percentage of subjects with no adhesion on both 

sides. 

PIO: The percentage of subjects with adhesion on the Guar- 
dix-Sol side only. 

POl: The percentage of subjects with adhesion on the Hy- 
Fence LV side only. 

Secondary efficacy endpoint 

The severity of adhesions was graded as follows: grade 0 (GO), 
no adhesions; Gl, adhesions without limitation of sinus ventila- 
tion; G2, adhesions with limitation of sinus ventilation; and G3, 
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Table 1. Preoperative Lund-Mackay PNS CT scores 



Fig. 2. Grading of the severity of adhesions. Group (G) 0 indicates 
no adhesion (A). G1 indicates adhesions without limitation of sinus 
ventilation (B). G2 indicates adhesions with limitation of sinus venti- 
lation (0). G3 indicates total adhesion between the middle turbinate 
and lateral nasal wall (D). 

total adhesion between middle turbinate and lateral nasal wall 
(Fig. 2). The severity of edema was graded as follows: grade 0 
(GO) no edema; Gl, mild edema without extinction of ethmoid 
cavity; G2, severe edema with extinction of ethmoid cavity; and 
G3, polyposis. The severity of infection was graded as follows: 
grade 0, (GO) no evidence of infection; Gl, mild mucopurulent 
discharge; and G2, severe mucopurulent discharge. All grades 
were evaluated by a surgeon blinded to the application of the 
agents. To evaluate the safety of each agent, the vital signs, com- 
plete blood count, routine blood chemistry, urine analysis, an 
electrocardiogram, and a chest X-ray were obtained for each 
subject prior to the operation as well as at one, two and four 
weeks postoperatively. AU abnormal symptoms or signs and ab- 
normal laboratory or imaging results collected during the exper- 
imental period were analyzed. 

Statistical analysis 

The statistical significance of the primary efficacy endpoint be- 
tween the agents was analyzed using Wald test. The statistical 
significance of the secondary efficacy endpoint was analyzed us- 
ing the McNemar test. A P<0.05 was accepted as statistically 
significant. 



RESULTS 

A total 74 patients with bilateral chronic rhinosinusitis were en- 
rolled in the study and two patients missed their visit in efficacy 
endpoints. The age of the subjects ranged from 20 to 67 years 
with a mean of 43 years. There were 57 male subjects and 15 
female subjects. Severity of preoperative paranasal inflamma- 
tion was comparable in both sides and there was no difference 



Paranasal sinuses 


HyFence LV 


Guardix-Sol 


P-value 


Maxillary sinus 


1.15+0.52 


1.23+0.51 


0.338 


Anterior ethmoid sinus 


1.27+0.51 


1.26+0.50 


0.870 


Posterior ethmoid sinus 


0.93+0.63 


0.96 + 0.61 


0.790 


Frontal sinus 


0.77+0.77 


0.82+0.81 


0.676 


Sphenoid sinus 


0.44+0.58 


0.55 + 0.62 


0.273 


Ostiomeatal complex 


1.40+0.92 


1.37+0.94 


0.859 


Total CT score 


5.96+2.04 


6.19 + 2.15 


0.503 



PNS, paranasal sinus; CT computed tomography 
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Fig. 3. Incidence of postoperative adhesions in HyFence LV (A) and 
Guardix-Sol (B). 
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Fig. 4. The effectiveness of HyFence LV (Pt) and Guardix-Sol (Pc). 

in the preoperative paranasal sinus computed tomography score 
between the two groups (P>0.05) (Table 1). 

Primary efficacy endpoint 

The effectiveness of agents at one, two, and four weeks follow- 
ing surgery are shown in Fig. 3. Based on our definition of adhe- 
sion by agent applied, the calculated Pt was 0.861 and Pc was 
0.903 (Fig. 4). The difference between effectiveness of HyFence 
LV and Guardbc-Sol (Pd=Pt-Pc) was 0.042-0.102 which is the 
limit of the one-sided 97.5% confidence interval of Pd was high- 
er than -0.12, the noninferiority limit. Based on our data, Hy- 
Fence LV is not inferior to Guardix-Sol in terms of anti-adhesion 
effect. 



Table 2. Postoperative number of cases that required treatment 



Weel< 


HyFence LV — 


Guardix-Sol 

<G1 >G2 


P-value 


1st 


<G1 


71 


0 


NA 




>G2 


0 


1 




2nd 


<G1 


71 


1 


NA 




>G2 


0 


0 




4th 


<G1 


68 


2 


0.564 




>G2 


1 


1 





Grade 0 (GO), no adhesions; G1 , adhesions without limitation of sinus ven- 
tilation; G2, adhesions with limitation of sinus ventilation; G3, total adhe- 
sion between middle turbinate and lateral nasal wall. 
NA, not applicable. 



Table 3. Mean postoperative grades of adhesion 



Week 


HyFence LV 


Guardix-Sol 


P-value 


1st 


0.49+0.74 


0.42+0.65 


0.526 


2nd 


0.61+0.91 


0.41+0.77 


0.095 


4th 


0.75+1.07 


0.75+0.95 


1.000 



Values are presented as mean+SD. 



Secondary efficacy endpoint 

Postoperative incidence of severe adliesions and tlie severity of 
adliesions by HyFence LV and Guardix-Sol 
Adhesions were evaluated at one, two, and four weeks after sur- 
gery by nasal endoscopic examination. Grades higher than G2 
were considered to require treatment while grades less than Gl 
were considered to require no treatment. At week one, one case 
in each group had adhesions greater than G2. At week two, one 
case in the Guardix-Sol group had adhesions greater than G2. 
At week four, two cases in the HyFence LV group and three cas- 
es in the Guardix-Sol group had adhesions greater than G2 (Ta- 
ble 2). 

Mean grades of postoperative adhesions are shown in Table 3. 
At the first, second and fourth weeks of follow-up, the mean 
grades were 0.49 + 0.74, 0.61 + 0.91, and 0.75 + 1.07 in the Hy- 
Fence LV group and 0.42 + 0.65, 0.41+0.77, and 0.75 ±0.95 in 
the Guardix-Sol group. There was no significant difference be- 
tween groups at each foUow-up point (P>0.05). 

Postoperative severity of edema in HyFence LV and Guardix-Sol 
Mean grades of the postoperative edema are shown in Table 4. 
At the first, second, and fourth weeks, mean grades of edema 
were 0.15+0.36, 0.15 + 0.36, and 0.13 + 0.33 in the HyFence 
LV group and 0.17 + 0.38, 0.14 + 0.35, and 0.13 + 0.33 in the 
Guardix-Sol group. There was no significant difference between 
groups at each follow-up point (P>0.05). 

Postoperative severity of infection in HyFence LVand Guardix-Sol 
Mean grades of the postoperative infection are shown in Table 5. 
At week one, the mean grade was 0.04 + 0.20 in the HyFence 
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Table 4. Mean postoperative grades of edema 



Week HyFence LV 


Guardix-Sol 


P-value 


1st 0.15+0.36 


0.17+0.38 


0.567 


2nd 0.15+0.36 


0.14+0.35 


0.567 


4th 0.13+0.33 


0.13+0.33 


1.000 


Values are presented as mean+SD. 






Table 5. Mean postoperative grades of infection 




Week HyFence LV 


Guardix-Sol 


P-value 


1st 0.04+0.20 


0.03+0.17 


0.321 


2nd 0.03+0.17 


0.03+0.17 


1.000 


4th 0.01+0.12 


0.01+0.12 


1.000 



Values are presented as mean+SD. 



LV group and 0.03 + 0.17 in the Guardix-Sol group. At week 
two, the mean grade was 0.03 + 0.17 in both groups. At week 
four, the mean grade was 0.01 + 0.12 in both groups. There was 
no significant difference between groups at each follow-up point 
(P>0.05). 

Postoperative safety evaluation of HyFence LVand Guardix-Sol 
Laboratory results collected preoperatively and one, two, and 
four weeks after surgery indicated no statistically significant dif- 
ference after surgery. There were two major postoperative ad- 
verse events with one patient diagnosed with a headache and 
the other with pneumonia. Both patients recovered following 
prolonged hospital admission. Both adverse events were consid- 
ered to be unassociated with the anti-adhesion agents. 

DISCUSSION 

After sinonasal surgery, regenerating epithelium and fibrous tis- 
sue may grow in damaged mucosal surfaces creating an adhe- 
sion. If the adhesion is extensive and locates near the ostium, it 
can lead to re-obstruction of the sinus ostium and result in re- 
current sinus infections [4]. HA is a ubiquitous substance nor- 
mally present in the human body and can act as an anti-adhe- 
sion agent by inhibition of fibrin formation when applied to ex- 
posed areas [9,10]. Previous studies have revealed that HA is an 
effective agent in preventing adhesion after sinus surgery [6,11, 
12]. HA has been used as an anti-adhesion packing agent not 
only in sinonasal surgery, but also in middle ear surgery and 
tympanic membrane repair surgery [13,14]. HA is also known 
to improve re-epithelialization after ESS [6,12]. Rapid wound 
healing by re-epithelialization minimizes the risk of adhesion 
and infection. 

CMC is a relatively low-molecular-weight and water-soluble 
substance that is generated by modification of cellulose. Because 
humans lack enzymes to degrade CMC, it is not immediately 
absorbed and remains in the surface of tissue acting as a physi- 



34 Clinical and Experimental Otorhinolaryngology Vol. 7, No. 1 : 30-35, March 2014 



cal barrier. Thus, HA-CMC has been thought to be more effec- 
tive in preventing adhesions. HA-CMC has demonstrated anti- 
adhesion effects in abdominal surgeries and sinonasal surgeries 
[8,15]. However, there have been no comparative study compar- 
ing the effect of stabilized HA and HA-CMC after ESS. Our 
study represents the first study to compare these two agents. 

The results of our study suggest that there is no significant dif- 
ference in the incidence of postoperative adhesion between the 
topical application of HyFence LV and Guardix-Sol. No differ- 
ence was found in the mean adhesion grade at one, two, and 
four weeks of follow-up or in the number of cases requiring re- 
operation. In addition, mean postoperative grades of edema and 
infection showed no significant difference between groups. 

It is known that the formation of adhesions and granulation 
tissue are most active within the fifth to seventh postoperative 
days suggesting that the effect of anti-adhesion agents is most 
important during this period [16]. According to Johns et al. [17], 
HA is easily degraded by hyaluronidase and its half-life is only 
one to three days. In this study, we applied HyFence LV and 
Guardtx-Sol again after the removal of Merocel at 48 hours af- 
ter the operation. Normally, HA would not have an effect until 
the seventh postoperative day. However, HyFence LV (HA stabi- 
lized by 1,4-butandiol diglycidyl ether) had enough viscoelastic- 
ity to remain at the operation site until postoperative day seven. 

The effectiveness of the anti-adhesion agents in this study 
(86.1% in HyFence LV, 90.3% in Guardtx-Sol) were somewhat 
lower than previous studies (more than 95% in MeroGel and 
Guardix-Sol) [6,8]. However, the majority of the adhesions ob- 
served were Gl, which were non-obstructive by definition. 
Therefore, we consider these differences to be the result of the 
subjective nature of the evaluation. In addition, this study is a 
comparative study and these differences had no influence on the 
results of this study. 

There were two major adverse events: a severe headache and 
pneumonia. Pneumonia was diagnosed before the sui^ery, so he 
was the one of the two patients who missed their visit in efficacy 
endpoints. Patient with headache recovered following a pro- 
longed hospital admission and the complications were felt to be 
unassociated with the agents. Previous studies have revealed 
that the two agents, HA and CMC, are safe in sinonasal surgery 
[8,9,18]. Though CMC is generated by chemical modification of 
cellulose, it is as safe as HA in sinonasal application based on 
our results. 

In summary, there was no difference in postoperative adhe- 
sions after application of HyFence and Guardix-Sol in sinonasal 
surgery. Therefore, HyFence has an equivalent anti-adhesion ef- 
fect compared to Guardix-Sol after ESS and the two agents can 
be used safely after sinonasal surgery. 



CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was re- 
ported. 

ACKNOWLEDGIVIENTS 

This study was supported by a grant of the Korea Healthcare 
Technology R&D Projects, Ministry for Health, Welfare & Fami- 
ly Affaire, Republic of Korea (A090084) and CHA Bio & Dio- 
stech. 



REFERENCES 

1. Smith LF, Brindley PC. Indications, evaluation, complications, and 
results of functional endoscopic sinus surgery in 200 patients. Oto- 
laryngol Head Neck Surg. 1993 Jun;108(6):688-96. 

2. Ramadan HH. Surgical causes of failure in endoscopic sinus surgery. 
Laryngoscope. 1999 Jan;109(l):27-9. 

3. Cliambers DW, Davis WE, Cook PR, Nishioka GJ, Rudman DT. 
Long-term outcome analysis of functional endoscopic sinus surgery: 
correlation of symptoms with endoscopic examination findings and 
potential prognostic variables. Laryngoscope. 1997 Apr;107(4):504- 
10. 

4. Chung JH, Cosenza MJ, Rahbar R, Metson KB. Mitomycin C for the 
prevention of adhesion formation after endoscopic sinus surgeiy: a 
randomized, controlled study. Otolaryngol Head Neck Surg. 2002 
May;126(5):468-74. 

5. Roozitalab MH,Amirahmadi M, Namazi MR. Results of the applica- 
tion of intraoperative mitomycin C in dacryocystorhinostomy. Eur J 
Ophthatoiol. 2004 Nov-Dec;14(6):461-3. 

6. Berlucchi M, Castelnuovo P,Vmcenzi A, Morra B, Pasquini E. Endo- 
scopic outcomes of resorbable nasal packing after functional endo- 
scopic sinus surgery: a multicenter prospective randomized con- 
trolled study Eur Arch Otorhinolaryngol. 2009 Jun;266(6):839-45. 

7. ElldnsTE, Ling FW.Ahokas RA, AbdellaTN, Homsey CA, Malinak 
LR. Adhesion prevention by solutions of sodium carboxymethylcel- 
lulose in the rat. U. Fertil Steril. 1984 Jun;41(6):929-32. 

8. Kim JH, Lee JH, Yoon JH, Chang JH, Bae JH, Kim KS. Antiadhesive 
effect of the mixed solution of sodium hyaluronate and sodium car- 
boxymethylcellulose after endoscopic sinus surgery. Am J Rhinol. 
2007Jan-Feb;21{l):95-9. 

9. Gago LA, Saed GM, Chauhan S, Elhammady EF, Diamond MP. Se- 
prafikn (modified hyaluronic acid and carboxymethylcellulose) acts 
as a physical barrier Fertil Steril. 2003 Sep;80(3):612-6. 

10. Kimmeknan CP, Edelstein DR, Cheng HJ. Sepragel sinus (hylan B) 
as a postsurgical dressing for endoscopic sinus surgery. Otolaryngol 
Head Neck Sui^. 2001 Dec;125(6):603-8. 

11. Soldati D, Rahm F, Pasche P. Mucosal wound healing after nasal sur- 
gery: a controlled clinical trial on the efficacy of hyaluronic acid 
containing cream. Drugs Exp Clin Res. 1999;25(6):253-61. 

12. Xu G, Chen HX,WenWP, Shi JB, LiY. Clinical evaluation of local 
application of Merogel after endoscopic sinus surgery. Zhonghua Er 
BiYan Hou Ke Za Zhi. 2003 Apr;38(2):95-7. 

13. Li G, Feghali JG, Dinces E, McElveen J, van de Water TR. Evaluation 
of esterified hyaluronic acid as middle ear-packing material. Arch 
Otolaryngol Head Neck Sui^. 2001 May;127(5):534-9. 

14. Ozturk K, Yaman H, Cihat Avunduk M, Arbag H, Keles B, Uyar Y. 
Effectiveness of MeroGel hyaluronic acid on tympanic membrane 



Chang C et al. Adhesion in Sinus Surgery 35 



perforations. Acta Otolaryngol. 2006 Dec;126(ll):1158-63. 

15. Erturk S,Yuceyar S,Teiniz M, Ekci B, Sakoglu N, Bald H, et al. Ef- 
fects of hyaluronic acid-carboxymethylcellulose antiadhesion barri- 
er on ischemic colonic anastomosis: an experimental study. Dis Co- 
lon Rectum. 2003 Apr;46(4):529-34. 

16. Hellebrekers BW,Trimbos-KemperTC,Trimbos JB, Emeis JJ, Koois- 
tra T. Use of fibrinolytic agents in the prevention of postoperative 
adhesion formation. Fertil SterU. 2000 Aug;74(2):203-12. 

17. Johns DB, Keyport GM, Hoehler F, diZerega GS; Intergel Adhesion 



Prevention Study Group. Reduction of postsurgical adhesions with 
Intergel adhesion prevention solution: a multicenter study of safety 
and efficacy after conservative gynecologic surgery. Fertil Steril. 2001 
Sep;76(3):595-604. 
18. Ugwoke MI, Agu RU, Jorissen M,Augustijns P, Sciot R,Verbeke N, et 
al.Toxicological investigations of the effects carboxymethylcellulose 
on ciliary beat frequency of human nasal epithelial cells in primary 
suspension culture and in vivo on rabbit nasal mucosa, hit J Pharm. 
2000 Sep;205{l-2):43-51. 



